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HLA DNA TYPING 



Henry A. Eriich and Teodorica L Bugawan 



Hie HLA region, located on the short arm of chromosome 6, en- 
codes a set of highly polymorphic integral P^^^f";^,'^*' 
bind antigen peptide fragments. This complex of HIA P'°««^ 
antigen peptide is recognized by the T-ceU receptor, leadmg to ac- 
tivation of the T lymphocyte and the initiation of a specific immune 
response. Tlie HLAclass U loci (e.g., HLA-DR, -DQ and -DP) encode 
an a and a fi glycopeptide chain, this cell surface heterodimer pre- 
sents antigSi to CD4* T lymphocytes. The MA class I loci, (e g 
HLA-A, -B, and -C) encode a glycopeptide chain t^^' 
with /3-2 microglobulin, binds antigen and is recognized by CD8 i 
lymphocytes (reviewed in Kappes and Strominger 1988). 

The detection of genetic variation in the HLA region lor HWV 
typing") is useful in tissue typing for transplantation to mmimize 
mft re ection by selecting "HLA-matched" donor and recipient 
pairs. HLA typing has also proved highly informative in the an^ysis 
of genetic susceptibility to autoimmune diseases, since specittc al- 
leles at certain HLA loci have been associated with Pa^if^JP^^^' 
eases (e.g., HLA-DR3 and DR4 with insulin-dependent diabetes mei- 
litus). The degree of polymorphism at these loci has also made HLA 



PCR ProtoctUf A CutU€ to Methodt and Apphcatioat ^.„,w«* 
S?rn,S!tTl W(» bv ^c^m^c rrm. Inc. All nriic o« reproduction .n .nv *«.m .v«rvcd. 



261 



EXHIBIT G 



Part Three. Genetics and Evolution 



typing valuable for individual identification in forensic analysis and 
paternity determination. 

Traditionally, HLA typing has been carried out with serologic re- 
agents or, m the case of the class II loci, by the mixed-lymphocyte 
culture (MLC) in which T lymphocytes from one sample wiU pro- 
liferate m response to different or "nonmatching" HLA class a gene 
products on the ceU surface of ceils from the other sample (reviewed 
inBodmer 1984). More recently, with the availability of cloned HLA 
cDNA and genomic hybridization probes, HLA typing at the DNA 
level could be carried out by restriction fragment length polymor- 
phism (RFLP). DNA typing offers a number of advantages over im- 
munologic typing; these have been reviewed elsewhere (Erlich et al. 
1986). RFLP analysis is based on the presence or absence of poly- 
morphic restriction sites located primarily in noncoding regions 
that are m linkage disequilibrium (noruandom association) with al- 
leUc variauon in coding sequences. Until recently, the direct analy- 
sis of coding sequence polymorphism has been difficult. However, 
the cnzymaric amplification of specific DNA sequences by PGR has 
provided a new approach to genetic typing. 



PCR/Oligonucleotide Probe Typing 

TTbe capacity of the PGR to ampUfy a specific segment of genomic 
DNA has made it an invaluable tool in the studv of polymorphism 
and evoluuon, as weU as in the analysis of generic susceptibiUty to 
disease. In all of these areas, a particular gene must be examined in a 
variety of mdividuals, either within a species, in different closely re- 
lated species, or in patient and in healthy control populations. Here, 
we will focus on the use of PGR to perform HLA class il DNA typing 
and wiU use the analysis of allelic diversity at the HLA-DQa (now 
designated the DQAl) locus as an illustrative example. The poly- 
morphism of class II genes is localized primarily to the NHj termi- 
nal outer domain encoded by the second exon. Using PGR primers to 
conserved regions, we have amplified and sequenced the second, 
exon of these class II loci from many different individuals, revealing 
r '*"A?«M * ^^^^^ °^ ^"^^^"^ diversity (Fig. i ). For some of these loci 
le.g., DR/3I). It IS likely additional alleles will be revealed as samples 
from a variety of ethnic groups are analvzcd. The sequences of the 
amplification primers used are shown in Table I. These sequences 
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fig« . The expressed class I. « loci are shown as .illed-n the«p«sed 
fl^n iod a« shown as open boxes. Nonexpressed genes ''^ «P^'~,J^ 
JaSTed boxes. The new nomendature tor these too « shown .n P»'«^^- "J* 
S; son,e haplowpes (e.g.. DRw8 and OR1) ^^^^^^^^^T 

The numoer o< alleles identiiied by us thus tar are shown below the locus. 

were determined either by M13 cloning of the DN/^,^^P^^^^^^ln 
"linker-prxmers" (Scharf et al. 1986, see Chapter 4» ioUowed by chain 
tenninadon sequencing of the puiiHed single-stranded P^fge DNA 
or by direct sequencing using the asymmetric prmier niethod (Gyi- 
lensten and Erlich 1988; sec Chapter 101 to generate smgle strands 

^"'St^Sermined the extent of aUeUc diversity by sequence 
analysis one can then detect the presence of specie aUdles tn a 
PCR-amplified sample by dot blot hybridizaaon with labeled oligo- 
Seoridi probes (Saiki et al. 1986). We have used thrs pi^cedure 
with exther'-P, biotin, or ^orserad^h perojad«e-labd^^ 
clcotidc probes for HLA-DQa, HLA-DQ0, "^J^^Ii 
Sping iBugawan et al. 1988, Horn et al 1988, Sd^ t^^^ 
B^^an et al. 19891. This type of siinple. rapid, and P^^^'^J ^ 
critical in typing the large number of pauent and control samples 
^sary foVthe analysis of generic suscepribiUty to disease. U^e 
i^uSIogic or RFLP approaches to HLA typing, the sequence basc^^ 
PCR/oligonucleotide probe analysis '^veals not only that tv«, d^eles 

are difierent but how they differ, allowing the "^^""fi""^;^^^^^^^^ 
viduaipolymorphicresiduesthatarccriucaltodiseasesusceptibih^^^ 

graft rejection, T-cell recognition, antigen presentation, or whatever 
biological function is being examined. 

Hic dot blot typing approach involves the PCR amp ifi<^uon of a 
soeciEc reeion (i e die second exon of the DQa locus) and the sub- 
::^^tt SZliSatn of the amplified DNA to -pUc- ^^^^^^ 
(nylon membranes). The protein sequence alignment for the DQa al 
leles IS shown in Fig. 2, and the nucleotide sequence ali^ment and 
the location of the oligonucleotide probes are shown in Fig. 3. Each 
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« »*b«icd oligonucleotide probe, and 

itl XiT K '^"'"'^ ?^ •^^^^^^ conversion of a color- 
l«s soluble substrate to a colored precipiutc. A detailed description 
of the protocol for HLA-DQa typing is given below. For a l^SS 
bri^ild"."^ r"*'^^** '^P'* immobilized on „ 

T^TtS^ "";"'''"f '° °^ « ^beled probes. 

^iiJr of T ^PP"^*^ « a functioA of the 

nurnber o^ oligonucleotide probes required for complete genetic 
analysis. To address this problem, we have recently d^^ a "re- 
Si?^^ °' ^ oUgonudeotide iZ 

'^i^^^^ « - iabeled PGR pnxluct 
is^ed ^ P^*^ °^ oUgonudeotide probes 

soured mth poly(dT) usmg terminal transferase and UV-cross- 
Sjon hJ " membrane. The PGR product, labeled during am- 
I ""'"^ b/°«°y»^ted primers, is then hybridized to the 
immobdued array of oUgonudeotide probes. The presence of the 

Sot^eSnT"^" '°'''"^!f • '^^^ ^ 'averse 



Protocols 



DQa-PCR Amplification 

^ ■ O^leAT ^°"*=i"*"g the following components (see 

^'^^ 10 pg to 1 (ig 

lMnIi?HJlS> oc . 10*J(500mWKCI,15mMMgCl, 

100 mAf dNTPs (2S mM each) 0.7 »! 

10mMCH26 23 ul 

10^tAfGH27 2jltl 

5 units/^l Tag Polymerase 0.6>l 

Bring up to 100 ^1 with glass-distilled water. 

^' SfLH^°'""'^ ^^^"^ *° successfully amplify for 

UQa) and negative (no ONA) control to check for PGR effi- 
ciency, specific oligonucleotide probe hybridization, and 
contamination. 
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3. Mix reaction by vortexing lightly. 

4. Amplify for 25 cycles (more if less than 0.1 ftg starting DNA) in 
Perkin-Elmer Cetus Thermal cycler. Denature at 94*C for 30 sec- 
onds and anneal and extend at bS^C for 30 seconds. 

5. Load 3 ftl of PGR into 3% NuSieve plus 1% agarose gel to moni- 
tor amplification efficiency. 

Preparation of Dot Blots 

Prepare four replicate dot blots by spotting 5 /il of denatured PGR 
product per dot onto Genatran (or ZetaProbe) membrane. For de* 
tailed protocol for dot blot preparation, see Ghapter 15. The immo- 
bilized ampiificatton products are each hybridized with one of four 
DQa-ASO probes to determine the four allelic major types (DQA1, 
DQA2, DQA3, DQA4). If subtyping is necessary, membranes can be 
stripped and rehybridized with DQA1 subtyping probes, or addi- 
tional membrane can be prepared. 

Allele-Specific Oligonucleotide Probe Hybridization 

1. Pre-wet the dot blot membranes in water or 2x SSPE. 

2. Prehybridize the membranes in Seal-a-Meai bags containing just 
enough hybridization solution (5x SSPE, 5x Denhardt's and 
0.5% Triton X-100) to cover the membrane (for a full-size dot 
blot use 8 ml solution). Incubate the membranes for 5 to 10 
minutes at sy*C. 

3. Add the HRP-labeled Allele Specific Oligonucleotide probe at 
1 pmol/ml hybridization solution into the bag in the liquid. 
Hybridize for 30 minutes at SyC, 

4. Wash the membranes in 2x SSPE, 0.1% Triton X-100 for 5 
minutes at 55*C, 

Detection 

The presence of the probes is detected by using a coloriess soluble 
substrate that is converted by HRP, in presence of HjO,, to a colored 
precipitate. The detection procedure was carried out at room tem- 
perature with moderate shaking (see Chapter 15). . ^ 

1. Incubate the membranes for 5 minutes with Buffer B (137 m/Vf 
NaGL, 2.7 mM KGI, 1 .5 mM KH^PO., 8,0 mM Na,HPO. (pH 7.4), 
5% (v/v) Triton X-100. 1 M Urea, and 1% Oextran Sulfatel. 



32. HLA DNA Typing 269 



2. Wash the membranes for 5 minutes m Buffer C [100 mM Sodium 
atrate (pH 5)1. 

3. Incubate the membranes for 10 minutes in Buffer C plus 0.1 
mg/ml of TMB (3,3' 5,5'- tetramethlybenzidine in 100% EthanoU 
under light exclusion. 

4. Add 0.0015% hydrogen peroxide for blue positive signal to ap- 
pear, which usually takes 1 to 5 minutes. 

5. Stop the color development by washing the membranes in 
Buffer C or water for 20 minutes. If filter background is high, 
additional washing may be necessary. The membranes can be 
stored in Buffer C in the absence of light at 4*C with little fading 
of signals for at least 2 months. 

Rehybridization 

If subtyping for the DQA1 or DQA4 allelic type is required, the sig- 
nals on the membranes can be decolorized by washing in 0*18% 
NatSO, at room temperature with shaking; this can take from 5 
minutes to 1 hour depending on signal intensity. The annealed 
probes are then stripped by incubating the membrane in water and 
03% SOS at 6yC for at least 1 hour with shaking. The membranes 
can now be hybridized with subtyping probes. 

Reverse Dot Blots 

1. Pre-wet Genatran or ZetaProbe nylon membrane in water or 2x 
SSPE. 

2. Spot 4 pmol each of oligonucleotide probe tailed with poly(dT) 
using terminal transferase (see Saiki et a/. 1989 for details). 

3. Fix the probe to the membrane by UV<ross linking at 50 mjules 
using Stratagene Stratalinker apparatus. 

4. Incubate the membrane for at least 30 minutes at 55*C in 5x 
SSPE, 0.5% SDS to remove the unbound probe. 

5. The membrane can be stored dry at room temperature for fu- 
ture use. 



Hybridization 

1. Pre-warm hybridization solution (5x SSPE, 0.5% SDS) to 55X 
before use. 
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2. Denature biotinylated PGR product at 95X for 5 minutes and 
place on ice. 

3. Place the membrane in Seal-a-Meal bags or troughs, add 2 to 3 
ml hybridization solution, 20 ftl denatured PCR product, and 15 
Ml of 20 mg/ml HRP-SA stock solution. Remove air bubbles and 
seal the bag or cover trough tray with a glass plate and place a 
lead doughnut weight on top of the tray. 

4. Hybridize tor 20 minutes at src in a shaking water bath. 

5. Wash the membrane in a bowl containing 200 to 300 ml of pre- 
warmed 2x SSPE, 0.1% SDS for 10 minutes in a shaking water 
bathatSS^C. 

6. Proceed to the detection procedure. 



Potential Problems 



Contamination or carry-over from a previous PCR amplification can 
l«d to problems in interpreting typing results. In general, this can 
be minimized by careful laboratory procedure (sec Chapter 17] and 
monitored by the use of negative control (no template DN A) samples. 
In most cases of genetic typing, a contaminant can be detected as 
the presence of more than two alleles at a polymorphic locus. 

For some loci, in particular at the HLA-DP/3 locus (Bugawan et al. 
1989), specific alleles caimot be defined by the hybridization of a 
particular oligonucleotide probe but by the pattern of probes that hy- 
bndize to the amplified DNA sample. The absence of HLA-DP allele- 
specific sequences and the requirement for multiple probes defining 
each mdividual allele reflects the patchwork pattern of poly- 
morphism at this locus. Occasionally, an ambiguous typing result 
can be obtained when the sequence detected by a given probe could 
be assigned to either of the two alleles. In this case, the ambiguity 
can usually be resolved by using an allele-spccific primer for ampii- 
tication. This issue is discussed for HLA-DR0 typing with oiigonu" 
clcotides in Scharf et aL ( 1989|, 

Another potential problem is that, on occasion, some nylon mem* 
branes appear to produce more "cross-hybridization" of the se* 
quence-specific oligonucleotide typing probes, even when the hy- 
bridization and wash conditions remain constant. If this occurs, 
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some minor modiEcation (e.g.. increasing stringency by lowcnng 
the salt concentration or increasing the temperaturel may be re- 
quired to address the variability in membrane properties. 
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